Aim: To provide an up-to-date review of the literature on skin-sparing mastectomy (SSM) for breast cancer (BC). The article also reviews the oncological safety, effects of radiotherapy (RT) on immediate breast reconstruction (IBR), the indications for preserving the nipple-areola complex (NAC) and the emerging role of allogenic grafts as adjuncts to implant in IBR. Methods: Review of the English literature from 1965 to 2013 was carried out using Medline and PubMed research engines. Results: SSM is oncologically safe in appropriately selected cases of invasive breast cancer (IBC) and ductal carcinoma in-situ (DCIS) including IBC < 5 cm, multi-centric tumours, DCIS and for risk-reduction surgery. Inflammatory breast cancer and tumours with extensive skin involvement represent contra-indications to SSM due to an unacceptable risk of local recurrence. Prior breast irradiation or the need for post-mastectomy radiotherapy (PMRT) do not preclude SSM with IBR, however the aesthetic outcome may be compromised by radiation. Preservation of the nippleareola complex (NAC) has aesthetic and psychological benefits and is safe for peripherally located node negative unifocal tumours. An intraoperative frozen section protocol for the retro-areolar tissue should be performed when NAC preservation is considered. The advent of acellular dermal matrix has enhanced the scope of implant-based immediate reconstruction following SSM. Cell-assisted fat transfer is emerging as a promising technique to optimise the aesthetics outcome. There is no sufficient evidence to support the role of endoscopic mastectomy in clinical practice. Conclusion: Numerous retrospective and prospective studies show that SSM is oncolgically safe in appropriately selected cases and is aesthetically superior to non-SSM mastectomy. New techniques such as the use of acellular dermal matrix (ADM) and cell-assisted fat transfer have increased the use of implants for volume replacement following SSM. In the absence of randomized clinical trials, an updated systematic meta-analysis of published studies is required in order to consolidate the evidence.
Introduction
Breast-conserving surgery with adjuvant radiotherapy is a safe alternative to mastectomy for the majority of women with early breast cancer (BC) [1] . However, up to one third of patients require a mastectomy for large or multi-focal tumours (particularly where breast conservation would lead to a poor cosmetic outcome), local recurrence after previous radiotherapy and patient preference [2] .
The primary aim of surgical treatment of breast cancer is to achieve local control of disease with a good aesthetic result and to provide prognostic information in order to guide adjuvant treatment recommendations. For patients who require or opt to have mastectomy for breast cancer, breast reconstruction improves cosmesis and minimizes the psychological impact of mastectomy. However the optimal timing weather is immediate or delay breast reconstruction remains controversial with guidance from level-1 evidence lacking. Delay breast reconstruction may result in a poorly contoured breast, with prominent scars and a paddle of skin that is of a different colour and texture [3] . Delayed reconstruction mandates at least a second surgical procedure.
Skin-sparing mastectomy (SSM), a type of mastectomy where incisions are planned to maximise skin preservation and facilitate breast reconstruction, was described by Toth and Lappert in 1991 [4] . SSM involving enbloc removal of the breast gland, nipple-areola complex (NAC), may also include previous biopsy sites and the skin overlying superficial tumours. The native breast skin envelope and infra-mammary fold are preserved [5] . Using the native skin envelope optimises the final contour of the reconstructed breast reducing the need for contralateral breast adjustment in order to achieve symmetry. Scarring and donor skin requirements (e.g. in flap based reconstructions) are minimised [6] . A combined oncological and reconstructive approach is acceptable to patients, cost-effective and reduces the number of hospital admissions and time away from home or work [7] . This approach has been advocated as an effective treatment option for patients with early-stage BC and DCIS which is not amenable to breast conserving therapy. SSM and IBR have also been shown to be particularly valuable in patients who develop breast cancer following augmentation mammoplasty who might otherwise have a poor cosmetic result with breast conserving surgery and adjuvant radiotherapy. SSM and IBR can allow the omission of adjuvant RT in most cases and are associated with an excellent cosmetic outcome [8] .
Acceptance and popularity of SSM and IBR are increasing amongst patients and many surgeons. A 2008 survey of Californian surgeons performing surgery for breast cancer has demonstrated a change in attitudes towards SSM. Ninety per cent of those surveys were satisfied with the oncological adequacy of the technique in early breast-cancer and 70% in agreement that the cosmetic results of SSM with IBR are superior to standard mastectomy [9] .
However the flaps of the skin envelop of breast may contain glandular breast tissue and may harbour residual disease thus raising questions regarding the oncological safety of SSM. There has been no single randomised controlled trial comparing oncological outcome of SSM versus non-SSM and such trials are not currently feasible due to ethical and methodological considerations.
The evidence on oncological adequacy of SSM will be presented in this article. In addition to survival and the risk of local recurrence (LR), post-operative morbidity, local control, cosmesis, patient satisfaction and an assessment of functional disturbance and psychological morbidity are important outcome measures [10] .
Controversies including the impact of radiotherapy (RT) on IBR, preservation of the nipple-areola complex (NAC) and the role of endoscopic mastectomy are reviewed. The use of allogenic biological grafts (such as Alloderm 
Search Methodology
Articles were identified by searches of MEDLINE and PubMed up to July 2013 using the terms: "Skin Sparing Mastectomy" or "Subcutaneous Mastectomy" or "Nipple Sparing Mastectomy" or "Areola Sparing mastectomy" or "Endoscopic Mastectomy" and "Breast Cancer" or "DCIS" and "Oncological Safety" or "Aesthetic" or "Cosmesis" and "Morbidity" or "Mortality" and "Sentinel Lymph Node Biopsy" or "Radiotherapy" and "Evidence" and "Recurrence". Studies identified were screened for those that focused on Skin Sparing Mastectomy. All randomized controlled trials and large retrospective series were included. The reference articles in this review were selected to provide a balanced and representative overview of a complex subject with an extensive base of published work.
Surgical Considerations
The management of women with IBC after matectomy should take place within the context of a multidisciplinary team. Techniques such as SSM and IBR are demanding and should be undertaken by breast surgeons with oncoplastic training or as a joint procedure between a breast and a plastic surgeon. Oncological principles should not be compromised. The incisions used to perform SSM will be influenced by various factors including breast size and the degree of ptosis, NAC size, tumour location, position of biopsy sites, need for axillary intervention, reconstructive technique and the preference of the patient and the surgeon. Many patients are suitable for a peri-areolar approach where the only breast skin excised is the NAC [5] [11] (Figure 1) . If the NAC is small and the breast is large, a peri-areolar incision with lateral and medial extensions or a larger ellipse including the NAC can be used. Wise-pattern incisions, akin to those used for reduction mammoplasty, can be required for large breasts with moderate/severe ptosis [12] . If necessary, symmetry may be achieved by performing a simultaneous, or delayed, contralateral reduction mammoplasty or mastopexy. NAC-preserving SSM can be performed through an inframammary, infero-lateral or periareolar (with or without medial and lateral extensions) incisions.
Some surgeons advocate subcutaneous injection of saline-adrenaline solution (1:25,000) when performing SSM. This is haemostatic and results in some hydro-dissection of the plane between the subcutaneous tissue and the mammary gland. Skin flaps are carefully elevated at the plane separating the subcutaneous fat from the underlying breast tissue and the dissection is extended to the edges of the breast tissue circumferentially, preserving the infra-mammary fold [13] . High intensity fibre-optic light sources and longer instruments can be useful during this stage as access could be limited. The parenchyma can then be mobilised by dissecting the pectoral fascia from the underlying musculature. In order to protect the viability of the preserved envelope, skin flaps must be sufficiently thick to maintain the sub-dermal vascular plexus and yet without leaving breast tissue behind. Care is required to limit excessive use of electro-cautery and flap margins should be assessed for bleeding. Native skin flap necrosis (partial or complete) has been estimated to occur in 11% of cases, which is similar to conventional mastectomy [14] .
Sentinel lymph node biopsy (SLNB) and/or axillary node clearance (ANC) can be performed safely through the same incision [6] [11] [15] . In larger breasts an additional axillary incision will sometimes be required [3] . SLNB should be performed in clinically node negative patients with IBC and high-risk DCIS. Many surgeons perform intra-operative assessment of the sentinel node (frozen section, imprint cytology or one step nucleic acid amplification-OSNA) and perform simultaneous ANC if the SNLB is positive. However, intra-operative analysis can be associated with false negatives and ANC is more difficult to perform as a second operation following IBR, with potential harm to the vascular pedicle and viability of a flap-based reconstructed breast [16] [17] . It should be noted however that the false negatives associated with the SLNB are usually due to the presence of micrometastases or isolated tumour cells. This minimal nodal disease does not usually require ANC. An alternative approach is to perform a day-case sentinel node biopsy one or two weeks beforehand so that nodal status is accurately established prior to SSM and IBR [18] .
Endoscopic video-assisted surgery has been successfully employed for a range of aesthetic and plastic surgery procedures including those relating to the breast. The technique has been extended to the treatment of both benign and malignant breast conditions [19] . Yamashita et al. have described the use of a 2.5 cm axillary incision and skin traction to create a working space, allowing partial or total glandular resection and SLNB+/−ANC to be successfully performed. Operating times and blood loss were comparable to open surgery and all surgical margins were clear. The conversion rate to open surgery was low. Wounds healed with minimal scarring and the approach was associated with high levels of patient satisfaction [20] . Similarly, small peri-areolar incisions can be made to facilitate endoscopic breast conserving surgery for early-stage IBC [21] [22] . Some studies have also reported immediate reconstruction with endoscopic harvest of the latissimusdorsi (LD) flap [23] or endoscopic creating pocket for prosthetic implant [24] . Kitamura et al. compared patients undergoing SSM and IBR, using an implant, with or without endoscopic assistance. The addition of endoscopy was associated with a longer operating time but significantly smaller scars and greater patient satisfaction [25] . It is noteworthy that these reports stem from relatively small studies from single institution and superiority over conventional techniques has not been demonstrated. Furthermore, it is critical that the surgical margins and oncological outcomes need to be examined carefully in the context of endoscopic mastectomy.
Reconstructive Options Following SSM
The options of various reconstructive techniques following SSM require careful consideration of several patient related factors and tumour related factors. Patient factors include breast size, ptosis, areola size, patient preference and expectation, general health and smoking status. Tumour related factors include size, location and proximity to the NAC. Preference and experience of the operating surgeon is also taken into account. Occasionally patients may decline any form of reconstruction after mastectomy. Sometimes the prognosis may be so poor that any breast reconstruction is unwarranted [26] . For those who are suitable and choose to have breast reconstruction, prosthetic implants and/or autologous tissue or fat could be used. First is to reconstruction the breast mound and then concerns about the nipple and areola complex could be addressed [27] .
Prosthetic Implants
Conventional mastectomy is associated with significant loss of the native skin envelope, complicating implant only reconstruction. It is therefore necessary to use an expandable implant or a tissue expander and to exchange this at a second operation once the remaining skin has stretched to accommodate the desired fixed volume implant. Although expandable implants are still commonly used, the advent of SSM has meant that implant-based reconstruction can now often be performed in a single stage procedure, or if a two stage procedure is needed, the number of inflations can be minimised. The implant is positioned in a sub-muscular pocket superiorly and in a sub-fascial pocket inferiorly. The results of this approach in terms of breast volume, shape and symmetry are favourable with complication rates as low as 8.3% [28] . A prospective study by Woerdeman et al. reported 400 implant only reconstructions following SSM, identifying patient related risk factors associated with complications. The study recommended particular caution in obese patients who smoke (32% loss of implant) and in large breasted women (27% loss of implant) [29] . In a separate study, the same authors found patient age and experience of the operating surgeon to be associated with a greater risk of post-operative complications [30] .
The Role of Acellular Dermal Matrix
Acellular dermal matrix (ADM) products such as Alloderm 
through special processing procedures which remove cellular contents and leave a sterile acellular matrix of natural biological components that promotes rapid revascularization and cell repopulation. ADMs have been shown to incorporate well into tissues with no rejection and their use seems to be associated with a lower risk of capsule formation but a higher incidence of seromas and infection [32] . The various ADM products vary in their physical properties (such as tensile strength, thickness, and elasticity), incorporation rate, associated inflammatory reactions, the need for orientation and antibiotics impregnation. The ideal ADM does not exist. Comparisons between the various types of ADM on clinical efficacy, complications and costs are required to determine the best available ADM to use in clinical practice [31] . In the USA, Alloderm is currently the most widely used in breast surgery with a very low incidence of inflammatory reactions. Based on their experience, the authors of this review article prefer to use SurgiMend due to its favourable physical properties and good handling, high incorporation rate and extremely low incidence of inflammatory reactions (Figure 2) .
ADMs are sutured to the lower edge of the pectoralis major muscle superiorly and to the infra-mammary fold inferiorly thus providing cover and support to the lower pole of the implant. This approach allows the use of a larger implant volume, improves lower pole projection and facilitates faster tissue expansion. Although prior or post-mastectomy radiation decreases the extent of incorporation into the host tissues due to reduced neovascularisation, however RT does not preclude the use of ADM in breast reconstruction and the authors of this article prefer using the ADM prior to RT. Often this group of patients also required adjuvant chemotherapy. Hence there is time during the chemotherapy to allow adequate incorporation of ADM before the blood supply is compromised by RT (Figure 3) .
A recent study which compared use of ADM versus conventional sub-pectoral implant, revealed significantly larger initial fill volumes and fewer sessions required for inflation with no differences in complication rates between the two groups [33] . A non-randomised large series of 361 women undergoing implant with or without ADM did not reveal any differences in infection rates between two groups [34] . However, ADM was associated with adherence to skin in all cases, particularly after RT.
More recently a titanium-coated polypropylene mesh (TCPM) has been introduced as a biocompatible synthetic alternative to biological ADMs [35] . This relatively cheaper type of matrix (TiLoop ® Bra) is unsuitable for cases with thin skin and subcutaneous tissue.
In women with large breasts undergoing reduction pattern SSM, a de-epithelialised dermal flap (Autoderm) can be used to cover the lower pole of the implant thus providing a valid alternative to allogenic grafts with an acceptable complications rate [36] .
Autologous Flaps
The LD flap, introduced by Schneider in 1977, was once the standard for autologous breast reconstruction [37] . A variety of other flaps and prosthetic materials are now available but the LD myocutaneous flap is still in common usage. The LD is often combined with an implant for use in a single-stage procedure, where it serves to improve coverage of the prosthesis and improve the final breast contour [38] (Figure 4) . The TRAM (Transverse Rectus Abdominus Myocutaneous flap) [39] can be used either as a local pedicle or a free tissue transfer flap [40] . In one study, comparing 85 patients undergoing TRAMs, implant-based or LD reconstructions, the mobility and consistency of the reconstructed breast are more closely resembled the natural breast in patients with TRAM flaps [41] . Patients with TRAM flap reconstruction also report high levels of satisfaction with good aesthetic result [42] . However, TRAM flap reconstruction causes bulging at the lower inner part of the breast and can be associated with donor site complications such as abdominal wall weakness and has been largely replaced by muscle-sparing free flaps such as the deep inferior epigastric perforator (DIEP) flap derived from the abdominal wall.
The DIEP flap, described by Holmstrom [43] and popularised by Blondeel [44] , allows large volume tissue transfer with donor site advantages over the TRAM flap. Preservation of total abdominal musculature and aponeurotic layers reduces complications such as muscular weakness, asymmetry, bulging and hernias [45] . The DIEP and superficial inferior epigastric artery (SIEA) flaps are able to transfer the same tissue from the abdomen as the TRAM flap without sacrificing the rectus muscle or fascia [27] . The neo-breast consists primarily of fat and skin like the native organ and furthermore patients benefit from an improved abdominal contour. However, the procedure can be technically demanding and the limited surgical access associated with SSM can cause difficulties in the identification and dissection of recipient vessels.
In a review of a series of 30 breast reconstructions with DIEP flap, with an average follow-up of 29 months, breast skin complications were noted in 2 patients manifesting as small areas of necrosis. Partial flap losses were observed in 2 patients representing less than 15% of the total area. There was only one case of total flap loss and one case of local recurrence during the follow-up period. Patients reported high levels of satisfaction with the outcome [46] . In a study of 42 patients, SSM and IBR using the DIEP flap was compared to breast conservation and found to be associated with comparable quality of life and significantly better cosmetic outcome [47] .
The use of soft tissue from the gluteal region as a free flap was introduced by Fujino et al. in 1975 [48] . In 1995, the free superior gluteal artery perforator (S-GAP) flap was used for autologous breast reconstruction [49] . This allowed free transfer of skin and fat without sacrifice of the gluteus maximus, thereby minimising donor site complications. In addition it is sometimes possible to anastomose nerves, harvested with the flap, to local branches at the recipient site and provide limited sensation to the flap [44] . This approach is particularly useful when the abdomen is not suitable nor preferable as a donor site. In a study of 142 GAP flaps, the superior-GAP flap was found to have significant advantages over the inferior-GAP flap. Guerra et al reported low morbidity, 98% flap survival, good cosmetic results and high levels of patient satisfaction [50] .
Several other free flaps have been described for autologous breast reconstruction including the myocutaneous transverse upper gracilis free flap (TUG) [51] [52] . There are also reports in the literature of free omental flaps, harvested laparoscopically, being used for IBR following SSM [53] .
Myocutaneous flaps could allow replacement of the small area of excised skin if required during SSM and aim to replace the approximate the total volume of breast tissue removed with or without the assistance of a prosthetic implant.
In a survey of 453 female plastic surgeons from USA and Canada questioned on which method of reconstruction they would choose if they had breast cancer, 66% preferred implant based over autologous breast reconstruction [54] .
The Role of Fat Transfer
Autologous fat transfer has recently gained increasing popularity as an adjunct technique to reconstructive breast surgery [55] . Autologous fat can be used as whole fat or processed, in order to enhance the numbers of regenerative adipose cells in the harvested fat prior to injecting it into the breast. The processing techniques include, saline washing, centrifugation and/or enzymatic degradation and aims to reduce the incidence of fat necrosis and reabsorption. Serial lipofilling seems to be a safe and effective technique that can improve the contours of the reconstructed breast and create a subcutaneous plane in the irradiated breast, thus reducing implant related complications, such as capsule formation [56] . Asymmetric defects can be also corrected using lipomodelling. However, the published studies are relatively small and have a short clinical follow-up duration. Therefore, larger studies, with longer clinical follow-up, are required in order to determine the long-term efficacy and safety of this technique.
Oncological Considerations
The main oncological concern in SSM is that residual breast tissue within the skin envelope may manifest later as LR. Histological studies following conventional mastectomy have confirmed the presence of residual glandular tissue in 5% of all biopsies taken from the operating field [57] . Torresan et al. performed histological analysis of skin sparing mastectomy flaps from patients with invasive breast cancer who were marked up for SSM and then had conventional mastectomy performed and found the prevalence of residual breast tissue to be 59.5% and residual disease to be 9.5% in the portion of the specimen that would have been left in-situ had the patient undergone SSM. The presence of breast tissue and residual disease was significantly associated with skin flaps thicker than 5 mm [58] [59].
Ho et al. performed histological examinations of the skin and subcutaneous tissue of 30 conventional mastectomy specimens and found that the skin flaps (excluding the NAC) were involved in 23% (7 of 30) of cases. In 5 cases, the skin involved was situated directly over the tumour. Significant risk factors for this were skin tethering, large tumour size and peri-neural infiltration [60] . Despite this, the incidence of LR following SSM for IBC has been investigated by Lanitis et al and found to comparable to conventional mastectomy [61] .
Although there are no large randomised trials comparing conventional mastectomy to SSM, a meta-analysis of 9 observational studies was published in 2010. In this study, 3739 patients were included, 30% of women underwent SSM. The median follow-up in the included studies was between 15 and 101 months [62] . All the included studies were retrospective and non-randomised, but there was no significant difference in stage or grade between the 2 groups. This meta-analysis found no significant difference in local recurrence rate between SSM and standard mastectomy (SSM 3.8% -10.4% vs conventional mastectomy 1.7% -11.5%). The meta-analysis showed that the incidence of distant relapse was lower in the SSM group however this finding should be interpreted with caution since the tumour grade was not adequately assessed in the studies analysed [62] . The B06 trial (a randomized clinical trial comparing total mastectomy and segmental mastectomy with or without radiation in the treatment of breast cancer) found a roughly equivalent 10% local recurrence rate at 20 years in the mastectomy treated group [1] . A large retrospective series from a single centre reported outcomes in 1810 patients undergoing either SSM (799 patients) or standard mastectomy (1011 patients). After adjusting for disease stage and age there was no significant difference in disease-free survival or local recurrence rates [63] .
Many patients requiring mastectomy have T3 tumours. Though evidence for the safety of SSM for these tumours is less clear, the results of early studies are encouraging. In a study of 38 patients with tumours considered to be at high risk of LR, only one case (2.6%) developed a LR after SSM and IBR after a median 53 months of follow-up, despite 10 (26%) patients had systemic recurrences [64] . Foster et al performed SSM and IBR on a prospective cohort of 25 patients with stage 2b or 3 disease and reported an overall post-operative complication rate of 13% and only one LR after 4 years of follow-up [65] .
Neo-adjuvant chemotherapy may be administered to patients with T3 tumours in an attempt to down-stage disease. This may facilitate SSM in a breast that may otherwise have required conventional mastectomy. Alternatively, it may even facilitate breast conservation surgery, avoiding the need for a mastectomy altogether. Radiotherapy should be given to all patients with locally advanced or high risk breast cancer, however its timing in relation to treatments such as SSM and IBR has yet to be established.
It is unlikely that large multi-centre randomised studies comparing conventional mastectomy and SSM will take place. Although the above studies are retrospective and usually with relatively small number of patients, there is reasonable evidence that SSM is a safe oncological operation for T1, T2 and multi-centric tumours. Moreover, there is evidence that SSM combined with IBR does not significantly delay adjuvant therapy, as some clinicians had feared [66] .
The predicting and risk factors for LR after SSM are related to both tumour and patient characteristics. LR may be a reflection of the underlying tumour biology rather than the amount of skin preserved during SSM or the choice of reconstructive technique. Many of these studies found that tumour size, stage, lymph node positivity and poor differentiation were all risk factors for LR [7] [67] . The management of LR after SSM and IBR can be problematic and LR is associated with poor prognosis [63] . LR can be treated locally with surgical excision and RT and systemically with chemotherapy or endocrine therapy [61] . Removal of the reconstructed breast/ implant may be required. The anatomical location of recurrence has been shown to have prognostic implications. A study by Langstein et al. showed that cutaneous or subcutaneous LR was associated with a better overall survival and lower risk of distant metastases and better response to treatment than LR within the chest wall [68] .
SSM for DCIS
A mastectomy may be necessary for extensive, multi-focal or recurrent DCIS.
The incidence of LR following conventional mastectomy for DCIS ranges from 1% -3% [69] , with cure rates of approximately 98% (breast cancer-specific mortality of 0.59%) [70] . SSM and IBR is a good option for women undergoing mastectomy for DCIS. Radiotherapy may adversely affect the appearance of a reconstructed breast but is not usually required in DCIS [71] .
In one series of 95 patients undergoing SSM and IBR for DCIS, 93 (98%) were alive and disease free after a median follow-up of 3.7 years. The overall local recurrence rate was 3 of 93 patients (3%) [72] . A retrospective review of 223 patients with DCIS treated by SSM and IBR, the same author reported an LR rate of 3.3%, with high tumour grade and surgical margins <1 mm as risk factors with a mean follow-up of 82 months [69] . Finally, in a retrospective long-term follow-up study of 44 patients who underwent SSM and IBR for DCIS, there were no local or distant recurrences after 9.8 years [73] . These retrospective studies have all demonstrated that SSM and IBR for DCIS is oncologically safe with low local recurrence rates. However, prospective randomised data to confirm these findings are lacking. There is no evidence that RT after mastectomy is indicated for patients undergoing SSM for DCIS with margins greater than 5 mm, however its potential role in women with close of positive margins for high grade DCIS is not known [74] .
Preservation of the Nipple-Areola Complex
It has traditionally been held that the NAC should be removed as the NAC and its adjacent ducts may contain tumour cells that have spread along the ducts from the primary tumour. This concept was based on older studies that demonstrated occult tumour in the region of the NAC [13] . Recent evidence has shown that the risk of tumour involvement in the NAC has been overestimated [75] - [77] . In many patients removal of the NAC may be an over-treatment and hence some surgeons have attempted preservation in view of the cosmetic and psychological benefits (Figures 5) .
In a retrospective series of 286 SSM specimens, 16 (5.6%) were found to contain tumour in the NAC [75] . Nodal positivity, sub-areolar tumour location and multi-centricity were significant risk factors. If multi-centric and sub-areolar tumours were excluded, the NAC was involved in 3% of cases. Another series of 140 mastectomies also found tumour size and nodal positivity to be risk factors for NAC involvement. The primary tumour was situated within 2.5 cm of the areola in all 22 cases in which the NAC was positive [76] . A retrospective study of 217 mastectomy specimens reported NAC tumour involvement in 23 cases (10.6%) [77] .
Frozen sections of retro-areolar tissue can be used to attempt to preserve the NAC. In one study of 112 women who underwent SSM with breast cancer more than 2 cm from the NAC, frozen sections of the subareolar tissue were negative for tumour in 61 cases (54.5%) and hence enabling NAC preservation. The NAC was excised in the other 51 cases [78] . The cosmetic results after SSM and IBR (using LD or TRAM flaps) were independently evaluated as excellent or good in 102 out of these 112 (91%) patients. However the cosmetic satisfaction was significantly better after preservation of the NAC (P = 0.001). Six (5.4%) recurrences occurred in these 112 patients who underwent SSM compared with 11 (8.2%) of 134 patients who had undergone conventional mastectomy during the same 6-year period, although this difference is likely to reflect differences in the cases chosen for conventional mastectomy. Only one LR occurred in the NAC preservation group [78] .
In another retrospective study of 219 mastectomies, 20% of NACs were found to be involved, consisting of 9.4% of stage 1 -2 tumours and 30% of stage 3 tumours. The NAC was involved in only 2.5% of peripheral tumours vs. 68% of central lesions [79] . Tumour size and distance to the nipple on mammography have been identified as independent predictors of NAC involvement that may aid pre-operative planning [80] . Axillary lymph node involvement and lymphovascular invasion have also been shown to be significant risk factors [81] . An- other study of 115 cases undergoing NAC sparing mastectomy (NSM) for prophylaxis (75 women) or for breast cancer (40 women), the occult nipple involvement rate was only 5.2% [82] .
Some patients will lose part or all of the NAC after NSM due to impaired NAC vascular supply. This has been reported to occur in between 6 and 33% of cases [83] - [85] . Crowe et al reported 54 SSM in 44 patients with preservation of NAC that was clinically thought to be disease-free. Nipple core biopsy frozen sections were performed. 6 out of these 54 biopsies were positive for tumour, necessitating removal of NAC. Of the remaining 48 women with NSM, 3 cases had partial NAC loss [85] . Nipple sparing mastectomy (NSM) performed through a skin incision on the lateral aspect of the breast, rather than a peri-areolar skin incision, has been shown to reduce the risk of ischaemic complications for the nipple (2.8% vs. 59.7%). In addition to ischaemic complications, impaired sensitivity of the NAC seems to affect most patients to some extent, though some resolution with time can occur [86] .
In a recent comprehensive review of the literature on NSM, Mallon et al. concluded that NSM is appropriate in carefully selected patients and all patients should have retroareolar tissue sampling. The review demonstrates strong evidence that NSM is appropriate in cases of well circumscribed single or multifocal lesions (grade 1 to 2) that have a tumor-to-nipple distance greater than 2 cm. Tumors should not have lymphovascular invasion, axillary node metastasis, or human epidermal growth factor receptor-2 positivity [87] .
Therefore, it would appear oncologically safe to perform SSM with NAC preservation for prophylactic cases, for DCIS and for smaller tumours of low stage provided the tumour is not close to the NAC and a frozen section of the subareolar tissue protocol is followed. Patients with clinically apparent involvement of the NAC or adjacent skin, bloody nipple discharge, inflammatory or retro-areolar cancers should not be offered NAC preservation.
Patients must be informed that NAC excision may still be required if residual carcinoma is identified on definitive histology of the retro-areolar tissue or if significant necrosis of nipple occurs.
Some groups have reported the use of radiotherapy to the NAC in addition to employing a frozen-section protocol [88] [89] . One study of 106 NSM with intra-operative RT to the NAC in which two thirds were done for invasive disease, reported one LR at a mean follow-up of 13 months. Around 10% of patients experienced partial NAC necrosis and 5% total NAC necrosis [88] . In another study of NAC preservation, 10 patients were administered RT to NAC post-operatively. Around half of these experienced some loss of nipple sensation or non significant necrosis [89] . More randomised studies with long term follow-up would be required to determine if these approaches improve local control and see if ischaemic complications could be minimised.
An alternative to NAC-sparing SSM is to remove the nipple but preserve the areola-areola-sparing mastectomy (ASM). In an analysis of 217 mastectomy specimens the areola was involved in 2 of 23 cases that NAC was involved with tumour. This represented 0.9% of all the mastectomy specimens [77] . Access for ASM is facilitated by medial and lateral extensions to the skin incision encircling the nipple. This may achieve a superior aesthetic outcome compared to conventional SSM, only requiring a subsequent nipple reconstruction, if requested by the patient. The patient could save the need of nipple areolar tattooing after the further nipple reconstruction. Unfortunately, nipple reconstruction using one of the conventional local flap techniques is problematic in this situation.
In a series of 17 ASM with IBR, the only reported complication was a wound infection in one patient. Although 10 of the cases were done for prophylaxis, there was no local or distant recurrence over median follow-up of 24 months [90] .
If the NAC need removal for oncological reason, various options of nipple reconstruction are available such as using local tissue flap (Figure 6 ) or nipple sharing technique (removing a wedged graft of nipple from contralateral breast and be transferred and grated onto a deepithelized new nipple position in the reconstructed breast) (Figure 7) . Reconstruction of NAC using labial skin is also reported. Subsequent tattooing of nipple areolar area could then follow.
Radiotherapy and SSM
Most women undergoing mastectomy for breast cancer do not require post-mastectomy radiotherapy (PMRT). However, patients with four or more positive regional lymph nodes and large tumours (>5 cm) will be offered RT in view of the proven reduction in LR and improved survival [91] . There is limited data from a sub-group analysis of Danish trials [92] suggesting there is a survival benefit in patients with 1 -3 positive nodes. The Figure 6 . This 38 years old health care professional had right skin-sparing mastectomy and immediate reconstruction using an implant and ADM (SurgiMend) and subsequent reconstruction and micropigmentation of nipple (local flap and tattooing). On the left she underwent left nipple-sparing mastectomy and immediate reconstruction using implant and ADM as a single procedure (prophylactic). "SUPREMO" trial has been designed to address the benefit in this patient group and in other patients thought to be at intermediate risk of local recurrence [93] . The frequency of PMRT is therefore increasing, which has complicated the planning of IBR as post-reconstruction radiotherapy is associated with local complications [94] . In addition to the potential detrimental effect on cosmesis, the planning and delivery of PMRT can be complicated by the presence of the reconstructed breast itself [95] .
The overall complication rate of PMRT following autologous breast reconstruction ranges from 5% to 16% [13] . Although results from individual series vary, complications following IBR and PMRT occur in a high proportion of patients [96] . A study of immediate TRAM reconstructions showed the commonest complications were fat necrosis (16%) and radiation fibrosis (11%) [97] . Tran et al. have recommended that patients who require PMRT should undergo delayed free TRAM flap reconstruction in order to avoid significant late complications such as fat necrosis, volume loss and flap contracture [98] . Fat necrosis leads to volume loss and hardening of the reconstructed breast and particularly occurs when PMRT is given after IBR using free tissue transfer of skin and fat only (e.g. DIEP flap).
For implant or implant-assisted IBR, PMRT can lead to higher rates of significant capsular-contracture resulting in a poor aesthetic outcome. One study compared 39 irradiated implant reconstructed breasts with 338 non-irradiated reconstructions and found a significant negative effect on the reconstructive outcome with PMRT. The main complications were capsular contracture and post-operative pain, 43% of patients required a capsulotomy [99] . In another retrospective study on IBR with expander or implant, 68 receiving RT were compared with 75 non-irradiated IBRs. Capsular contracture rates were 68% vs. 40% respectively, patient satisfaction was 67% vs 88%. However, 72% of those irradiated said that they would choose the same form of reconstruction again [100] .
A systematic review of capsular contracture revealed that various factors are involved in the development of clinically significant capsule formation. Although capsulotomy or capsulectomy is possible, the recurrence rate is high [101] . This has led some surgeons to recommend that implants-based IBR should be avoided if PMRT is likely [96] . Alternative approaches are an autologous IBR or a delayed breast reconstruction. More recently, an "immediate-delayed" reconstructive technique has been suggested. A temporary tissue expander can be used deep to the pectoralis major muscle at the time of SSM. Following PMRT, delayed reconstruction can then be done, removing the tissue expander and using a myocutaneous flap and/or implant [13] [96] . This approach could avoid the potential radiotherapy delivery problems and cosmetic disadvantages associated with IBR followed by PMRT [96] . Prior to mastectomy, the radiological assessment of tumour size combined with analysis of core-biopsies from the primary tumour and techniques such as SNLB could be used to assess the likelihood of PMRT, thereby facilitating the selection of patients for immediate-delayed reconstruction. However, randomised controlled trials are also required to compare immediate-delayed reconstruction to conventional mastectomy and delayed reconstruction for those women who require PMRT.
Pre-operative radiotherapy can also affect the outcome of SSM and IBR. Hultman and Daiza reported the effects of previous radiotherapy on subsequent SSM and IBR in 37 breasts [102] . TRAMs, LDs and implants were included. 9 patients (24%) had a SSM flap complication of which 5 required re-operations. Adjuvant treatment with chemotherapy or radiotherapy was not delayed in these patients. Previous irradiation and diabetes were found to be significant risk factors for complications [102] . Chang et al. found a significantly higher frequency of native flap complication and capsular contracture in women who had received pre-operative radiotherapy prior to SSM. TRAM flap reconstruction was also found to be superior to LD + implant after SSM in this group of patients [103] . These studies are small and larger studies with longer follow-up are required to verify their findings. However, it would appear that women with previously irradiated breasts can still benefit from the advantages of SSM and IBR, as long as the risk of various complications is explained [71] .
Conclusions
Despite their shortcomings, numerous retrospective and prospective studies have supported the growing evidence that SSM is oncologically safe for early-stage IBC and DCIS with aesthetic and psychological benefits. In the absence of randomised control trials, there is a need for an updated systematic meta-analysis of published studies in order to confirm the oncological safety with overall and disease-free survivals as primary endpoints.
In carefully selected cases, the NAC can be preserved provided that the tumour is node negative, and located more than 2 cm away from the nipple and an intraoperative frozen-section of retroareolar tissue is examined. The optimal cosmetic outcome is found in women who have not had prior RT and those who do not need PMRT. Though neither representing a contraindication to SSM and IBR, the optimal integration of IBR and RT has yet to be determined. Good outcomes require appropriate patient selection, a coordinated oncoplastic and multidisciplinary approach. Patients should be appropriately counselled. Photographs and audit data can be used to illustrate the likely outcome and potential complications.
